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NATIONAL ADVISORY COMMITTEE FOR, AERONMJTICS
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TECHNICAL NOTE NO- 887 ,..

.——

A PORTABLE CALIBRATOR FOR l)YNAkIC STRAIN GAGES

“By Albert E. McPheb60n
,.

,., - -k

sUMMARY

A portable device for calibrating dynamic strain
gages ;is de,seribed. The device contains a motor-driven
cam, which applies. alternating tensile loads to.a metal
strip ,5{8. inch wide and 6% iaches long: The cam is de-
signed to ~roduce. a nearly sinusoidal variation of strain
with time. Dynamic strain g~ges, with gage lengths up to
5 inches may be calibrated by mounting them on the strip
and by changing, the frequency and the ampl$tude of the
tensile load. The frequency may be varied from 15 to 30

e cycles per second and the strain amplitude from O to
o 10XIO-? in steps of 2X10-4. -“

.
9 INTRODUCTION

Dynamic strain gages are subjected to, severe condi-
tions of loading and of exposure when used to measure
strains on airplanes in flight. ,It is desirable to cali-
%rate them frequently after use in order, to. check that
the measurements were made with the gages in working
order. The portable dynamic calibrator described in this
report was developed at the National Bureau of Standards
at the request of the Nati~nal Advisory Committee for
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Aeronautics, in order to facilitate the calibration of
dynamic s,trai~ gages at locations where the larger labo-
ratory type of calibrators are riot‘available.

.
,. .

CONSTRUCTION AND OPERATION OF THE CALIBRATOR
,,

Principles of Operation .

.,
The portable calibrator is a device for calibrating

dynamic strain g~ges by mounting them on a etr.ip .C!f’sheet.
metal, which is then subjected to known alternating strain.
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.,. . . . .

~elibration consists in a compari.s.on of the output Of tl~e D

strain gage with the known applied strain.
*

The principles of operation of the calibrator may be
understood by reference to figures 1 and 2= The stri~ of
Metal on whtcn the strain gage is mounted is designate,i B.
T~lis strip is eubjected to an alternating Stiain of k~~wn

frequency”” and amplitude as follows: The right end of the
si-rip is clamped in the fixed clamp C; the left end, in
the movable clamp D. The movable. clamp is free to rock
about the bearing Et A rocking ’motion of the clamp is
produced by the cam l?, which is d“riven by the electric
tiotor shown in figure 2. The rocking motion is of suffi-
ciently small amplitude that the displacement of clamp I)
relatlve to clamp C is practically axial. T.hie rele.tive
displacement p“roduces an alternating tensile strai”n in “the
strip. The amplitude of the strain may be varied by chang-
ing the 6ccentri-city of cam F; the frequeficy, by chang-
ing the speed of the motor dr-iving the camo The strip. is
assembled under sufficient .ifiltialtension that it wiil
not- buckle dur”ing the c“ornpression ‘st=roke of the- .el!ern@t-
ing motion of I). A damper A is.provided to prevent
latez+al’whipping! “of the ‘strip. .

... ... .

Design.,,,,..-
Mate-rials used in the construction of the various

parts of the portable calibrator arc given in table I.
D6W&iIs 6~ “-&otistructii(S’.a’off”th&‘calib’ra”tor”are shown in .=
fi,~ur-e’s’3“:to “9. ‘T.h’es~‘“d’e~~~ls~iffer ‘from t:he details “~?
time 6xperimerital ‘“calibrator “shown “in Ff&ure 2 in three

. .... . .
respe”ct’s:.

,. .., —. . ,- .-...- ...
,,,, .,.,

‘,1. The double cam’ F “in figure 2 proved cumbersome -
fo’r%dju:sfiment and is repiac”ed by the co~positwcam aho~~”
in de~ili’zi:figure’ 7. This ‘corrtud&ite~cad w;as”&esign.ed .:.
from “informati’on ”gained from the ude.”of the double oazn
and the two cams “are similar “i”nessential’ details. The
composite cam has not been con”etiuc”ted ‘sinca there is no
reason for su~posiug that it will function differently
from the double cam and since the greater convenience of
adjustment is obvious. ““

... . ..,.-
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2, The motor base in figure 2 was assembled from Ifla- u

terial that happened to be immediately available. A s:m-
ple and more rugged design of base is given in”figure [>.

.

.
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3. The stroboscopic sleeve G, shown in figure “2,‘is
replaced by tlie marked coupling,
10,

shown in figures --9and
in order,%o save space..,,’

“-The total weight of the calibrator (fig.” 2) was “
about 57 pounds,

..-

. .

Assembly
,.

The -calibrator may be assembled by following the
drawings in figures 3 to 9 except for the cam slee+e; ”
piece 13, in figure 7 and the motor shims in figure 10. -
The dimensions for these pieces are determined ,after the
calibrator has been assembled. ‘ “ ~ -

-T ,.
.. ..,.

The eccentricity of the cam is experimentally ~e~er-
mined in order to obtain strain increments close to 2Xl~4.
The following procedure is used: “Mount “a strip, piece 22
(fig. 11), tightly in the jaws using a’stabdard bar, pie,ce
24 (fig. 11), to determine the free ’lengtli of strip be-
tw,een the jaws. Put the damper, piece,27 (fig 9), on the .:.
back of the strip with rubber bands about 1/2 inch from ‘“-
each end. Place the jack, piece”25 (fig.’ 11), in the
shaft hole and adjust the screw in such a way that~~he
bell crank is near the camshaft end of its”swing. - (see
detail of jack assembly, fig. 11,) Place a strain gage
at the aenter of the” strip and apply’ ii itra”in Gf”-about
2X10–4 by tiglit~ning the nut; pf.ece 26:(fi.g~ 3); Loc~t6.
a ‘dial “gage on the’frame” to ’measure ~the-rise-:of the lever
at the jack. (Se&” detail “of jack abseirnbly~”fig. 11.) “‘-,
Increase th~4Etraiq In’the strip by several’””steps”:tl~to ~
abotit 22xlO by raising the levarat the jkck, ahd mea~-
ure the rise” and’ the strain At. each siep. : ‘ ““ - “

“. ,- ,..* .- : -

Plot ;he””strain against the rise as shown in figure”
12. Fair a line through the points and from the line
determine the rise corresponding -to,a strai”n bf’10XfO-4.
In figure 12, thi& rise wa”s equal to 0.204 inch.’

——

The eccentricity ? of the composite cam, piece”13
(fig. 7), corresponding-to an amplitude of rise equal to
0.204 inch is equal to one-half the rise, or 0.102 inch:
The’cam can now be maohined in accordance with figure 7
by use of the experimentally determined, value of e. -,

,, .-

—

—.

The ehims under the motor (fig. 10) are chosen after
assembly in order to obtain accurate alinement letween the
cam and the motor. This alinement is necessary ”becausb “

r--

.:’
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.

the armature .of the motor is rigidly connected t-o the cam b
in order to ut-ilize it as a flywheel on the camshaft .

The electric circuits in figure 11 are for the motor ●

used on the experimental model in figure 2. The circuits
.

may have to be modified in any given case to suit avail-
able equipment.

. . .

Operation and Calibration

The first operation to be performed .on the completed
calibrator is to determine acouratgly the strain amplitu~e
caused by each setting of th”e cam.

.

For this purpose the calibr~.tor may be placed over
the edge of a table ae shown in ~igure 10. A strip, piece
22 (fig. n), is clamped in the jaws, with the standard
bar used to det-ermine the free length; and the damper,
piece 27 (fig. .9), is attached to the strip with ru!?ber
bands at each end as shown in f~gure 2. I.n order to 6et
the cam to a nominal amplitude,.the indexing pin, piece 15
(fig. 7), is removed from the caq; the outer r~ng of the .

cam is”rotated until the numbers indicating nominal ampli-
,

tude coincide; and the indexing pin Is replaced and tight-
ened in the outer ring hblemarkqd with the nominal a~li-

.

tud?. The te~iston’nut, piec6’25 (fig. 3), iS tightened
.

to bring the bell-crank shoe a&ainst the cam.- A cali’Drated
strain- gag& is placed on-the. Gtri”p.nea&-”it-sqentir to ad- -
just the initial tenstin~ (that” is, the ten”sion in the
strip whe.ti:’$he:bell -cranl.”is’-in “its lowest potiition rela-
tive t+the ~camshaft}’; ““The Ibw?st-po’sitioti can be”fvund
by observing either-’%he ‘stiain or’the motion-o% the boll
crank as the ca.m’is;turned”:by hati~.” With the bell crmnk
in the loweitpositioq, the straiti is’first released by
loosening the tension nut a~d ib””ihen reapplied so Ehat
it has a value of about 2X10-4 when the tension nut is
locked with the lock nut;

‘
The calibrator’should be o~jer-

ated for a’few cycles and the &&gb” reading at the min~mum
should be bhecked to insure thb.t the strip has not slipped
in the jaw’s, A.decrease:”in the reading indicates thet the
jaws have slipped. The jaws should then be readj~ated and
the setting should be repeatd. khe strain amplitude for . ~ -
the nominal setting chosen is measured by the stmcin gage -
when the machine is operating at 30 cycles per second.
This procedure is repeated t-o determine the strain ampli- *
tude for the remaining cam settings.

.
The angular speed of the cam.may be adjusted to 15

.

and 30 cy-cles per second by moving the rheostats unfil .
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. “either the 15- or the 30-.cycle marking on the” stroboscopic
sleeve appears stationary “when the neon light is connected
to a 60-cycle alte,r.nati.ng-current line.. Intermediate fre-

. quencies ca~ be measutikd With a suitable tachometer.
-— .

.

During operation the bearings should be”lubricated
with ‘SAE 10 motor oil. The cam face should be lightly but
frequently lubricated with SAE 90 hypoid gear oil or with
vaseli.ne.

.“

PERFORtiANCE TESTS

The strain gage used in most of the tests described
in this report was a 2-in,ch Tuckerman optical strain gage
with 0.2-inch lozenge and with a regular, flat specimen
knife edge. A preliminary run witha lightweight Tuckerman
gage had shown that the error due to elastic deformation of
the strai~ gage by the vibration in the strip-was too small
to be measured even at the highest cam setting and the max-
imum speed (30 cycles per see). The gage was read with a. . Tuckerman autocollimator equipped with a reticule for vi-
bratory strains. This procedure permitted observa-t~og of
the strain at the extreme positions to within ~0.05X10-4.. .

.—

Wave Form

The variation of strain in the calibrating strip B
(fig= 1) with time should be approximately sinusoidal; a
marked deviation from a sinusoidal wave form in the output
of the strain pickup may therefore be used to indicate

. distortion.

-, .

,

*.

The wave form of the strain in the strip was observed
by mounting a Baldwin Southwark SR-4 wire strain gage on
the center of the strip and recording its output with a
cathode-ray oscilloscope. Figure. 13 shows the wave form
on the screen of the oscilloscope for the maximum c_am set-
ting and at a frequency of 30 cycles per secontl. The hori-
zontal line is the indication for ~ero dynamic str”airiout-
put of the sR-4 gage. The wave form is seen to be a close
approximation to a sine curve. A sinusoidal variation was
also observed at other frequencies a-ridat other cam settings.

. .
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Effect of Replacement of Strip and of-Change In Frequency .

The strain amplitude for a given cam setting should
be th~-same after replacement of the strip by,.a new strip -.’
of the same material and the same dimensions. The strain
amplitude should be the same over the range of-recommended
operating speeds,

The effect on strain amplitude of replacement of t]le

strip was tested by successively setting up five strips
in t~$ calibrator and-using an initial tensile strain of
2X10 , The st~ain excursion -foi the maximum cam setting

was determined for 15 and for 30 cycles per second in
order tm- determine the effect of change in frequency on
the strain amplitude, The results are given in table II,
The strain amplitude for the maxinum cam setting for-the
five ‘different strips wasa equal within +-1 percent to the
average value. of ,10,fjXIO-*. The -change in strain ampli-
tude dua to increasing the frequency from 15 to 30 cycles
per second was too small to be measured.

Effect of InitLal !Lension
,.

The strain amplitude for a given cam setting ~hould
..

,be the same for variations,in the initial tension of t-he
calibrating strip” that might occur in clamping the strip.

—

A change in initial tensile strain in the strip from
2)(10-4 to 4X10-4 did not change the strafn amplitude for
t-he”fiaximum setting by & measurable amount. It is inadvisa-
ble to”carry the initial strain,.above 4X10-4 inasmuc”h”.aH
fatigue failure”:may result after a short period of use..

Uniformity of Strain Distribution in Strip
..

The strain in the calibrating strip should be uniform
in order that the strain impressed. on the pickup will be
the same for a given cam Setting; regardless of the gage
length of the. pickup.

..

The variation of str&in in the strip was measurei as
follows: The strip was set up for an intermediate value
of amplitude and the calibrator was operate@ at 30 cy~leg 4

Der second. The strain amplitude” at several positions
.-

along the strip was measured wit-h a 2-inch Tuckermnn gage.
The results are given in figure 14. The strain amplitude
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is seen to be constant within the order of accuracy of
observation over the center 5 inches of the strip.

Effect of Mass of Gage for Given Cam setting

7

The strain amplitude in the calibrating strip should
not he affected by the inertia effects introduced by the
mass of the strain pickup. The calibrator was tested for
this effect as follows: An SR-4 wire strain gage was at-
tached to the strip to measure the straiu amplitude. -A
dummy gage, having a length of 2 “inches and weighing 5.8
ounces, was mounted on the specimen with its points span-
ning the SR-4 gage. The calibrator was operated at maxi-
mum strain amplitude (10.6X10-4) at 15 and at 30 cycles
per second’ and the strain was measured at each frequency
with and without the dummy gage attached. The effect of
the 5.8-ounck gage on the strain amplitude was I.esd than
the observational error in the strain measurement.

CONCLUSIONS
..

.
. The dynamic calibrator appears suitable for thecal-

ibration of dynamic strain gages at strain amplitu~~s
varying in five steps from 2X10-4 to 10X10-4 and at fre-
quencies from 15 to 30 cyclei Per: seco-tid. The error in
the applied Strain amplitude should not ’excesdl percent
of its maximum value of 10X10-4, provided that’ the gage
has a gage length not exceeding 5 inches and a weight not
exceeding 6 ounces. .,-

., ..-

National”Bureau of Standards,
‘iVashington, D. c., November 9, 1942.
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.,, TABLE I

MATERIALS USED IN CONSTRUCTION OT

.---——
Designation
on figure
—-—-—

Piece

1
2.
3
4 }
5
.

;
8
9 }

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
2?

--—- .-—

—-- —---— —-— ——.

Name

Frame

Spacer

Lever
Trunnion
Clamp ;

Clamping bar

Bearing collar
Cam follower shoe
Cam surface
Cam sleeve
Camshaft
Indexi~g pin”
liotor base
Bearing, trunnion
Motor sub-base
Bearing, shaft
Coupling
Trunnion, spacer
Strip
Lamp bracket
Bar
Jack
Tension nuts
Damper

/————

.——-——

Numbe;
of-pieces
“req’ui.red
—--- ----

.

PORTABLE CALIBRATOR
,— ,

..Material

,-—--.—-

Cold-rolled steel
Do.
Do.
Do. .;

17S-T aluminum alloy
Annealed cold-rolled’ steel

Do.
Do.
Do.
Do.

Bearing metal
Annealed cold-rollod steel .-

Do.
Cold-rolled steel
Drill rod (SAE 1095)

.

Annealed cold-rolled steel
3earin& metal
Oak
Bearfng metal
Cold-rolled steel

Do.
24s-T aluminum alloy
Brass
Cold-rolled steel

Do.
5/16 sAE

I3rass, rubber

—
Assembly ecrews, 1/4 in. by 28 by 3/4 in. recess head capscrews

,.

. .
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TABLE Ii ““”

STRAIN AMP LZtUDE FOR WLXIMUM (Wild$3TTING
.——---——-.-=-. ———

t

1

3

4

5

7
.

.- —.. — — ———-— —

Strain amplitude
------ -———

15

10 .65X10-4

10 ● 50

10.65

10.”55

10.70

.—— —--—.

,-——.

30

.——-—-

10. 65X10–4

10, 50

10.65

10.55

10.70

.——-— —

9

—

.

.=

. .

-,



E

I

,. .,

HJ
l-i ‘=--a--o

J–I . . . .
0:

k
11111

. . I

t

::

Figure l.- SchematicM.agrfm of calibrator.

1,
!;
I

1,

i“’ ‘.’,J , Ii,,

1
,.,

;,
1“

%

G.
P

,,,,

:“:ll;,,l,,,,(}lj ‘;,. ..
I,



.

.

.

.

NACA Technical Note No.S87 Figs. 2,13
-....

-.

-.

G--
●

,-. .

Fi

ma
am
qu

,x
Lp
.e

1’
\

Figure 2.- Experimental
portable

1 dynamic calibrator for

m strain gages.

-are 13.- Wave form from
calibrator for

imum cam setting. Strain
litude, 10 x 10-4; fre-
ncy, 30 cycles per second. ~ Time



1 *

. .
., .,

06 t)5 Figure3.- Portable

.

oaltbrator.

/5&w/i5

m



* .
. . ., , I

Cktmxe Me - snwdh

1!



, ,,, ,

@ levetj /7S-~uhmInum ufloy,dr//lMes Z%mpke@

@ h7nh,s7&e/

,.

~: ...!
o I 2 3

*.

1
Scolfl

1.

.,

( ‘:
I

I



4

. I

-$ .—.——
@ clomp. she)

%3? —

/t

@

I

a

z 3. + f“

~ L ~7ddlf i 4twles

,, (7J Gm t%lfower she, .bfwfiqmebj
,,

“fdd(mpp~kwaj hi?).

1! ,. ,, 1,

rigrire 6.-: mup, Oiumig+, huing **;, d 0- fm.ower ahoa *O! por,mbh Calib..tot.

,,



.
.

1

.,, ,

@ Ch?i J)!!tt?, ded

‘ @ Corn ~.h,.feel &/Y/ Aw Avks WA% plks?s @@”~@kww&d
Figure7.- OompOsi*e oam for pumdh Wbm*or,

$
,-3

I



● .“
.

,+.0

@ )%tor baw,sfee/

/#?-w-u

k
*-

,-
,

H&me B.- M~b.E# for porttils

.

.



I

I

I

!1

* ,
.

&?yxc one reyokc?d.
rubber

@
2

[

—

--

-—

01? Bearing, tWnWh ; betm?g

6Z /OL?ssfif @t? /0
“

. ●

✌ ✌✎ ✌✌
✌

,

+-
-+

.— -—

5“
‘c+w

II 4’

//? line, Rz29ter oil hks.

k121
@“

t>a

I
@ &dh9, .f..l

Figure9.- Dampem, beari~, motor
mlb-be Oou I.ing, and

P a!
@ T?wmion+km?r, steel

trunnion for portade o ibrator.

I



HAOATeohnioalNotego.887 . Fig.10

.

.
, +----47

—

*

. .

—

. .

(.

*

+11’

*

E

.——

L

Shim

. Motor sub -buseI \ 4
It., ,.

I I
h]

I

3—

<>

I
—

Figure 10.- Portableoallbrator.



.,, . . ,,

I

.!

1

.L5xx.& -

. .“w”
Xh.fnihy Cdwhj ?&

.hkqok em

V%+ d@u.m & lb%@ou.w

Ml) /6/( *R+ fT?ofW-

@ hi, &?d

I I II

,



tiAOATechnical Note No. 887 Fig. 12

b

.

. .

.

. .

* .

25

20
.

15

d

2

.S
m

10

5

K 10-4

-—.

-—

7

.—

——

+
)

—.

{

I
I

/ I
I
I
I

‘H 1- .— ——
z I “ —
$
m

/ 1,1

i Amplitude of rise d

I
v 1(2 e) I i

.1 .2 .3 .4
Rise, in.

i?igure12.- Strain against rise at-cam for portable calibrator,



NACA Technical Note No. 887

●

✎

.

*.

8 x
1~-4

o 3 0 3 0 0 0

7
Gage “
length

(I)6 .-

2
WI
d

!7
5

~
al
:4
Cn

3

2 —

1 - .——

I’l.

d 1 2 3 4 5 6’
Center of gage from upper clemp, in.

Figure 14.- Average stra$n over a 2-inch gage ’length
at points along calibrating strip for

intermediate cam setting. Strain amplitude, one-half
excursion; frequency, 30 cycles per second.

Xig. 14 —

—


